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C2oHsOH is one of important renewable fuels. The mechanism for the
C2oHsOH + HCO reaction has been investigated by a potential energy
surface calculation at the B3LYP/aug-cc-pVTZ (optimization) and
CCSD(T)/cc-pVTZ (single-point) levels. Our results show that the HCO

free radical can abstract the H atoms in the OH group giving CH3CH20

Reaction mechanism, formyl radical
(HCO), ethanol (C2HsOH), PES

+ CH20 or in the CH2 group giving CH3CHOH + CH20. The rate
constant results by TST calculations considering tunneling corrections

show that the second pathway is dominate in all the calculation
temperature range of 300-2000K.

Gidi thiéu chung

Goc ty do formyl (HCO) la mét trang thai trung gian
guan trong trong phan Ung hda hoc va quang hda hoc
clia andehit trong pha khi lién quan dén su oxi hda cac
hé hydrocacbon, ancol, ...[1-3]. Vi dy, trong qué trinh
oxi hda cac anken, HCO dugc hinh thanh do phan tng
v8i nguyén ti oxi ¢ trong hdn hgp chay theo so do
sau [1]:

RCH>CH=CH: + O(P) = HCO + RCH2CH> (a)
— CH2CHO + RCH:2 (b)
— H + RCHCHCHO (¢)
— OH + RCHCHCH: (d)

V@i R 1a H hodc géc hydrocacbon. Béi vdi phan Ung
CoHs + OCP), dusng phan Ung tao thanh HCO chiém
uu thé véi ti s¢ 0,71 + 0,06 trong s trong s6 cac
dudng san phém cho thdy géc formyl 1a san pham
chinh. Cheskis, Scherer va Rakestraw [4,5] cling d& xac

dinh dugc gbc HCO trong ngon Ifa chéy cla céc
hydrocacbon no nhu CHs — Oz si dung cac ky thuat
thuc nghiém khac nhau. Phan tng clia HCO vdi nhiéu
tac nhan trong hé chay nhu Oz, NOz, anken da duoc
nghién ctu [6,7]. Vi du, Lesclaux va cong sy [6] da su
dung ky thuat hdp thu céng hudng laser quang phan
xac dinh dugc néng lugng hoat hda clia phan Ung gitta
HCO va céc anken CnH2n (n = 2-4) trong khodng 5.4
+ 0.20 dén 6.25 + 0.26. Cac tac gia cling da su dung
héa hoc tinh toan dé lam rd cg ché clia cac phan Ung
nay. Két qua tinh toan phu hgp vai thuc nghiém va cho
thdy géc HCO uu tién cdng vao lién két boi C=C vdi
hang rao nadng lugng khoang 6,1 kCal/mol, trong khi
phan Ung tach H (tao thanh CnH2n+1 + CO) c6 hang
rao nang lugng cao han nhiéu, khoang 19,1 kCal/mol.

Bén canh do, etanol (CoHsOH) 1a mdt nhién liéu téi tao
quan trong, dugc sir dung rdng réi nhu mét nhién liéu
thay thé gilp gidm phat thdi hydrocacbon tU céc
phuong tién giao théng [8]. Etanol c6 thé dugc pha
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trén véi xang va st dung truc tiép trong déng co dudi
dang xang ES5, E10, ... Phén Ung cla CoHsOH vdi cac
nguyén t va cac goc tu do khac nhau trong khi chay
nhu OH, H, CHs, ... cling da dugc nghién ctu [9-11].
Trong do, ca ché phan Ung cla etanol khé& da dang,
goém: phan Ung chen, tach H, ... Tuy nhién, cd ché va
déng hoc phan Ung gitta C2HsOH véi HCO van chua
dugc lam sang toé.

Trong nghién cltu nay, ching téi st thiét 1ap bé mat
thé nang cho phan Ung CaHsOH + HCO & muc tinh
hoc lugng tif cao la CCSD(T)/cc-pVTZ//B3LYP/aug-cc-
pVTZ. TU do, tinh hang s6 t6c dé phan Ung cho cac
dudng phén Ung chinh va ti s§ san pham. Nhing két
qua nay co thé cung cp nhiing di liéu dinh lugng cho
cac nghién cdu thuc nghiém hodc md phdéng phan
Ung trong tuang lai.

Thyc nghiém va phuang phap nghién cldu

CH3;CH(OH)CHO

HOCH,CH,CHO

Cé&u trdc hinh hoc clia HCO va CoHsOH; cac trang théi
chuyén tiép va cac san phdm dudc t6i uu hda & mic
B3LYP/aug-cc-pVTZ [12]. D€ xac dinh dé tin cdy cla
két qud, chung t6i da so sanh céc gia tri tinh toan vdi
gia tri thuc nghiém co san tU tai liéu tham khao (xem
phan két qua va thao luan). TU cau trdc hinh hoc téi uu
dugc, nang lugng clia mbi cau tir trén bé mat thé nang
(PES) dugc tinh & mic cao han, CCSD(T)/cc-pVTZ [13].

Nang lugng tuong quan mdi cdu ti trong PES dugc
tinh dua vao nang lugng cla cdu t&r do va chat phan
Ung nhu sau: AEx = Ex — (Enco + Econson). MAI diém
ding trén PES dugc xac dinh 1a trang thai chuyén tiép
dua vao s tan sé do thu dugc va dugc xac nhan bang
két qué tinh toa dé ndi phan Ung (IRC) & cling muc
B3LYP/aug-cc-pVTZ. Nang lugng cla trang thai dugc
tinh bang téng nang lugng theo CCSD(T)/cc-pVTZ va
néng luong ZPE & trén. Céc tinh toédn ab initio dugc
thuc hién bang chuong trinh GAUSSIAN 09 [14].

(121.9)d
1.111) (0.970)
= 0.975
(1:205)d w " .
w
CH;CH,0 CH,0 H OH
(120.0)¢

CH;CHO

CH,OH

Hinh 1: C4u truc hinh hoc cac chat phan Uing va san phdm tinh & muc B3LYP/aug-cc-pVTZ. @¢Cac gia tri thuc
nghiém trong ngoac tUr tai liéu tham khao [18-22]. D6 dai lién két don vi Angstrom (R), goc lién két don vi do (©)
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TU PES thiét 1ap & midc CCSD(T)/cc-pVTZ//B3LYP/aug-
Cc-pVTZ, va cac théng sé phéan t&r & muc B3LYP/aug-
cc-pVTZ, chidng téi tinh hang s6 t6c db cho ting
dudng phan Ung va hang sé téc dé phan Ung chung
theo ly thuyét trang thai chuyén tiép (TST) [15] co tinh
téi su hiéu chinh dudng ham theo Eckart [16] cho tat ca
cac dudng phan Ung. Céc tinh toan ddng hda hoc
duagc thuc hién bang phan mém Multiwell [17].

Két qua va thao luan

TS2

Hinh 2: C4u trdc hinh hoc trang théi chuyén tiép TS1
va TS2 tinh & mUic B3LYP/aug-cc-pVTZ. D6 dai lién két
don vi Angstrom (&), géc lién két don vi dé (©).

Trudc tién, ching téi tién hanh t6i uu cdu tric HCO,
CoHsOH va cac san phdm & muc B3LYP/aug-cc-pVTZ
va so sanh vai cac gia tri thuc nghiém co sén [18-22].
K&t qua dugc trinh bay & hinh 1 cho thdy su phu hgp
tot gilfa cac gia tri tinh & muc B3LYP/aug-cc-pVTZ vdi
cac gia tri thuc nghiém. Béi vdéi géc tu do OH, doé dai
lien két tinh & muc B3LYP/aug-cc-pVTZ 1a 0,975A phu
hop t6t véi gid tri thuc nghiém 13 0,970A bdi Huber va
cong su [23]. Tuong tu, tan s6 dao déng va hang s6

quay cla CHsOH va HCO dung dé tinh hang s6 téc
dé phadn Ung dudc tinh & muc B3LYP/aug-cc-pVTZ
cling pht hgp véi cac gia tri thuc nghiém cé san (xem
bang 1). Nhu vy qua cac so sanh trén cho théy viéc st
dung phuong phap DFT-B3LYP két hgp vdi bd ham co
s& aug-cc-pVTZ dé t6i uu cdu truc va tinh thdng s6
phan ti la phu hgp. Dua vao két qué tinh toan chiing
toi thiét 1ap dugc sg do bé mat thé nang clia phan dng
& hinh 3. Trong do, ki hiéu TSi (i = 1,2,3,..) la cac trang
thai chuyén tiép va PRi (i = 1,2,3,..) la cac san pham
tucng Ung.

PES cta phdn ting

Cdc duong phdn (ng tao thanh PR1 (CH3CH:O +
CH:0), PR2 (CH3CHOH + CH:0), PR3 (CH-CH-OH +
CH:>0)

Cac cap san pham nay co thé dugc hinh thanh khi géc
tu do HCO tén cong va tach cac nguyén td H trong
cac nhom OH, CHz, CHs théng qua cac trang thai
chuyén tiép TS1, TS2 va TS3, tuang Ung. Nang lugng
tuong quan cla ba trang thai chuyén ti€p nay tinh tai
muc ly thuyét CCSD(T)/cc-pVTZ//B3LYP/aug-cc-pVTZ
[an luct 1a 14,9 kcal/mol, 14,8 kcal/mol va 20,9 kcal/mol.
Nhu vay, hang raoc nang lugng & TS1 va TS2 Ung vdi su
tach H & vi trf 0-H va a-H la tuong ducng va thap haon
khodng 6 kcal/mol so vdi tach & vi tri cla TS3 Ung vdi
su tach & vi tri B-H. Do do, thd tu uu tién phan Ung
tdch H & cac vi tri giam déan nhu sau: o-H, a-H > B-H.
K&t qua nay cla ching téi phu hgp vdi két qua nghién
ctu phan Ung gitta géc CH; véi C2HsOH dugc béo céo
bdi Xu va céng su [9]; trong db cac hang rao nang
lugng tuang Ung lan luat 1a 12,0 kcal/mol, 13,2 kcal/mol
va 16,0 kcal/mol tinh & mdc G2M. Trang théi chuyén
ti€p TS1, TS2 va TS3 ¢b tan s6 o duy nhét 390i, 1695i
va 15081 Ung vdi su chuyén nguyén ti H t nhom OH,
CH2 va CHs trong CoHsOH sang CH trong HCO.

Bang 1: So sanh tan s6 dao déng (cm™) va hang s6 quay (GHZ) tinh theo B3LYP/aug-cc-pVTZ vdi cac gia tri thuc
nghiém (trong ngodc dan) tU tai liéu tham khao [18-21].

Cu tr Hang s6 quay (GHZ) Tan s6 (cm-1)
222 (200), 264 (257), 404 (417), 796 (812), 867 (888), 998
25 30686: 932793 812616 (1028), 1063 (1097), 1142 (1161), 1227 (1256), 1260 (1275), 1362
CoHsOH (34,01581; 9,18864: 8,09998) (13771, 1402 (1412), 1438 (1446), 1455 (1464), 1480 (1490), 2893
(2900), 2915 (2910), 2944 (2939), 3006 (2984), 3011 (2991),
3714 (3653)
723,04080; 45,03061; 42,39055
HCO (670,48583; 44,80098; 4199493) 1069 (1081), 1872 (1868), 2576 (2434)
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Gia tri <S?> d6i véi TS1-TS3 xdp xi 0,76 tinh & muc
B3LYP/aug-cc-pVTZ cho thdy dé nhiém spin khéng
déang k€. Dai véi TS1, dé dai lién két O-H dang dut gay
trong CoHsOH va C-H dang hinh thanh véi géc HCO
lan luot 1a 1,425A va 1,190A phu hap vai két qua vé do
dai lién két trong phan Ung CH3 + CeHsOH cla Xu va
cong su [9]. Tuong ty, cdu tric hinh hoc cla TS2 va
TS3 phu hgp vdi cac trang thai chuyén tiép tuong Ung
trong nghién cu clia Xu clng cdng su [9]. Bé mat thé
nang cla phan Ung & hinh 3 cho thdy day la ba dudng
phan Ung thuan Igi nhat do c6 hang rao nang lugng
thap nhét.

AE IS0 -t TS7

(keal/mol) /557 A N
1 | 3 G I
TS DUATs

uf_ CHOCH,CH,OHVHy ", CHCHOH)CHO+H

S0 IANUAN Sl PR3

) N 218

W,CH,0H:CIo
PR T CH0CHOHH

133 % T bbde12,2

L —
CH,CH,CHO+0H

12,9
H:CH04CH0 e 12,0

4% CHy+CHOCH}0H 79
53 : *_PRI10
CH;CHOHFCH,0 —

C,H;0H + HCO CH;CHO+CH,0H

Toa do phan ung 28 HCOOH+CH,CH;

Hinh 3: Bé mat thé nang phan Ung CaHsOH + HCO
dugc tinh & mic CCSD(T)/cc-pVTZ//B3LYP/aug-cc-
pVTZ; nang lugng don vi kCal/moal

Cdc duong phdn Ung tao thanh PR4 (CH3CH-OCHO +
H), PR5 (HCOOH + CH3CHz), PR6 (CH3CH-CHO + OH),
PR7 (CH3 + CHOCH:0H), PR8(CH3CH(OH)CHO + H),
PRY (CHOCH:CH:OH + H) va PRIO (CH;CHO +
CH-0H)

Cac cap san phdm nay co6 thé dugc tao thanh khi géc
HCO thay thé nguyén tif H hodc cac nhdom nguyén
OH, CHs, CaHs trong phan t&r C2HsOH théng qua cac
trang thai chuyén tiép tir TS4 dén TS10. Cac trang thai
chuyén tiép nay déu co tan s6 do duy nhéat Ung vdi
phan Ung thay thé; cdu tric hinh hoc téi uu dugc cling
cho thay céc lién két dang hinh thanh hoac bi pha v&
dai hon tUr 26% dén 36% so vd&i do dai lién két tuang
Uing trong cac chét phan Uing va cac san phdm tuong
Ung. Vi du, & TS4 do dai lién két O-H dang ddt géy la
1.211A cao hon khoang 26% so vdi lién két O-H trong
C2HsOH ban dau (0,960A). Hang rao nang luong Ung
véi cac trang théi chuyén tiép tir TS4 dén TS10 trong
khodng tUr 30,2 kcal/mol & TS5 dén 56,8 kCal/mol &
TS8 (xem hinh 3); cac gia tri nay I&n hon khodng 15 —
50 kCal/mol so vd&i gia tri & TS1 va TS2 Ung vdi phan
Ung tach H da phan tich & trén. Do do, cac dudng
phan Ung thay thé nay khoé xay ra va nén dudc bo qua

trong phan Ung gitta HCO vdéi CoHsOH. Két qua nay
phu hgp vai nghién clu phan dng trudc do gitta géc
CHs v&i CoHsOH ciia Xu va cdng sy [9].

Thdng s6 nhiét dong

TU cac gia tri thong sé nhiét dong tinh dugc déi véi
chét phan Ung va mdi san phdm phan (ng, ching toi
xac dinh dugc cac gia tri nhiét phan Ung (AH s,
kCal/mol), bién thién nang lugng Gibbs (AG®as,
kCal/mol) va bién thién entropi (AS°s9s, Cal/mol.K) déi
v8i mdi dudng phan Ung & Tatm, 298K theo
CCSD(T)/cc-pVTZ//B3LYP/aug-cc-pVTZ. Két qud dugc
trinh bay & bang 2.

Bang 2: Thong s& nhiét dong AH 98, AG®298 va AS 298
clia phan Ung. Cac gié tri trong ngoac tU thuc nghiém

6 san [21-25]

San pham (k?:;iil) (kéjjrziib (CaAl/Srcr)szT.K)
PRI 15,5 (14,8) 14,6 2,70
PR2 7,1 7,1 0,04
PR3 8,6 12,7 -13,69
PR4 14,6 14,0 194
PRS N4 121 2,51
PR6 10,4 (10,2) 11,9 -4,86
PR7 87 8,1 2,01
PR8 16,7 20,6 13,28
PR9 19,4 23,1 -12,52
PR10 3,0(1,2) 2,4 1,92

Bang 2 cho thay, nhiét phan Ung tinh dugc & 298K phu
hgp t6t véi cac gia tri thuc nghiém. Vi dy, déi véi PRI
(CH3CH20 + CH:0), gia tri nhiét phan Ung tinh dugc &
298K la 15,5kCal/mol trong khi gia tri tU thuc nghiém
dyua trén nhiét hinh thanh thyc nghiém co san tir cac
tai liéu tham khao [21-25] & la 14,8kCal/mol vdi su sai
léch chi khoang 0,7kCal/mol. Két qua tinh théng sé
nhiét déng cling cho thay trong sé ba dudng phan
Ung c6 nang lugng thap, dudng phan Uing tao thanh
PR3 (CH2CH20H + CH20) c6 AG®%9s dudng, AS°298 am
nén khong thuan Igi vé mat nhiét déng hoc. Trong khi
dé, hai dudng phan Ung tao thanh PRT (CH3CH:O +
CH20) va PR2 (CH3CHOH + CH20) déu ¢ bién thién
entropi duong nén phan Ung thuén Igi vé mat nhiét
déng hoc khi xdy ra & nhiét d6 cao. Do do, trong tinh
toan hang s6 téc do phan Ung va ti s& nhanh san
https://doi.org/10.51316/jca.2022.006
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pham, ching toi chi thuc hién déi véi hai dudng phan
Ung tao thanh PR1va PR2.

Hdng sé téc do phan tng

Nhu da phén tich & trén, chidng toi tinh hang s6 t6c dé
cho hai dudng phan Uing tao thanh PR1 (ki) va PR2 (ko)
theo ly thuyét TST cé xét dén hiéu chinh dudng ham
trong khodng nhiét dé réng, tir 300K dén 2000K. Tu
do, hang s6 t8c dé téng cla phan Uing dugc tinh nhu
sau: ki = ki + ka. Két qué dugc trinh bay trén hinh 4, ti
s6 nhéanh san ph&m trén hinh 5.

k (cm® molecule™ s™)

T T T T T T T T
400 600 800 1000 1200 1400 1600 1800 2000
T(K)

Hinh 4: Hang s6 t6¢ dé clia phan Uing

Két qua tinh todn & hinh 4 cho thay cac hang s6 téc dé
ki, ko va ke déu phu thudc duong manh vao nhiét dé.
biéu nay phu hgp vdi hang rao nang lugng duong &
TS1 (14,9 kCal/mol) va TS2 (14,8 kCal/mol) clia cac
dudng phan Ung nhu da phan tich & trén. Vi duy, ki cé
gia tri 1a 2,77x10% (cm’molecule™s™) va tang 1én
2,33x10™ (cm’molecules™) & 2000K. Vé anh hudng
clia hiéu Ung dudng hadm, két qua tinh toan cho thay ki
ft bi anh hudng so vdi ka. Vi du, & 1500K hiéu Ung
dudng ham chi lam tang ki 1én khodng 0,5% trong khi
lam tang k2 1én dén khoang 14%.

Hinh 4 va 5 cho thdy hang s6 t6c do k2 I6n hon ki
trong toan bd khodng nhiét dé tinh toan 300-2000K
cho théy san pham PR2 ludn luén uu tién hon so vdi
PR1. Do dé, ti s nhanh sadn phdm PR2 I6n hon PRI
trong toan bd khoadng nhiét do nghién cltu (xem hinh
5). Vi du, & 2000K, ti s& PR1 va PR2 lan luct la 0,26 va
0,74. Noi cach khac, trong phan Ung cla CoHsOH véi
g6c HCO, phan Ung tach a-H ludn uu tién so vdi o-H.
K&t qua nay cling phu hgp vdi nghién clu trudc do
clia Xu va cong su vé& phan Ung CHz + CoHsOH [9]
clng nhu Xu va Lin vé OH + C:HsOH [10]. Cho dén
nay, chua c6 dit liéu thuc nghiém vé hang s6 téc dé

phan Ung gilta HCO vd&i CoHsOH. Tuy nhién, so vdi
hang s6 t6c db phan Ung clta CHsOH vdi cac gdc
CHs, OH thi hang s6 téc dd phan Ung véi HCO nho
han khodng 2 dén 3 béac trong khodng nhiét dé 1500-
2000K, phu hgp v&i hang rao nang lugng cao hon
trong phan Ung HCO + C2HsOH so vdi cac phan Ung
CHs + CoHsOH [9] va OH + C2HsOH [10].

1.04

0.8 PR2 (CH,CHOH+CH,0)

0.6

0.4

02 PR1 (CH,CH,0+CH,0)

0.0

Branching ratio

T T T T T T T T
400 600 800 1000 1200 1400 1600 1800 2000
T(K)

Hinh 5: Ti s& nhanh san pham.

Két luan

Nghién ciu ly thuyét vé cg ché va déng hoc phan Ung
gitta g&c tu do HCO vdi CoHsOH da dugc thuc hién &
muc CCSD(T)/cc-pVTZ//B3LYP/aug-cc-pVTZ. Két qua
tinh héa hoc lugng ti cho thdy hai dudng phan Uing
chinh tao thanh céc san phdm PR1 (CH3CH>O + CH,0),
PR2 (CH3CHOH + CH0) lién quan dén phan Uing tach
H & cac vi trf o-H va a-H. Hai dudng phan Ung nay co
cac hang rao nang lugng lan lugt la 14,9kCal/mol va
14,8kCal/mol. Cac théng s6 cau trdc phén t va nhiét
phan Ung phu hgp t6t vdi cac gia tri thuc nghiém co
san. Két qua tinh déng hoc cho thdy phan Ung tach a-
H tao thanh san phdm PR2 uu tién hon phan Ung tach
0-H tao thanh PR1 trong toan bd khodng nhiét do
300-2000K.
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